In this study, the HYDRUS-2D/3D was used to simulate nitrate distribution within the soil under surface drip irrigation (DI) and subsurface drip irrigation (SDI) with emitter at depths 10 and 20 cm for tomato crop. Three different soil types (sand, loamy sand, and sandy loam) were considered. Also, the influence of initial soil moisture content on nitrate distribution, leaching out from simulation domain, and uptake by plant roots were investigated. Results showed that the highest percentage of nitrate leaching out from the simulation domain was occurred in sandy soil under the SDI with emitter at depth 20 cm as compared to other irrigation systems. It was about 5% under SDI with 20 cm emitter depth while approximately no leaching was occurred under other irrigation systems. The SDI with shallow emitter depth had the lowest percentage of nitrate leaching out from the simulation domain and the highest nitrate uptake by plant roots. As nitrate is effectively taken up by the plant roots, this will lead to reducing the groundwater contamination risk. Results also showed higher initial soil moisture content leads to augment in the percentage of nitrate leaching out from the simulation domain. Therefore, monitoring of the initial soil moisture content can lead to a good estimation of the nitrate leached to deeper soil layers and the potential of groundwater contamination risk.
INTRODUCTION
Drip irrigation system permits the application of small amounts of water regularly at a small volume of soil with low application rate and high frequency to reduce nutrient leaching [9] . Fertigation can be defined as the operation of mixing irrigation water with fertilizer. The application of fertilizer through the drip irrigation is called drip fertigation.Through drip fertigation, nutrients can effectively deliver to the plant roots zone at the required concentrations [3, 5, 12] . However, excessive application of fertilizer can increase the potential of groundwater contamination risk. The amount and intensity of precipitation, the fertilizer uptake capacity of the plant roots, and the ability of irrigation system tomanage drainage and leaching are also other factors affect on the potential of groundwater contamination risk. Thus, detailed knowledge of water and fertilizer distribution patterns in the root zone, their availability in the vicinity ofthe roots, and fertilizer leaching below the roots zone are required for the proper design of drip fertigation systems [13] .
For Egyptian agricultural circumstances, nitrogen is considered one of the key factors in crop production [10] . Due to its intemperate use, nitrate concentrations in the ground water increased. Thus, appropriate design of irrigation system associated with precise estimation of the nitrate application rate is required to increase irrigation water and nitrate use efficiency and to minimize nitrate leaching to groundwater as well.
Water and solute transport models can be used to simulate water and fertilizer distribution within the field soil considering different fertilizer application rates and various design aspects for the irrigation system. The effect of the duration and the amount of water and fertilizer application on root fertilizer uptake and the potential of groundwater contamination risk can easily understand by using numerical models [4] . Therefore, numerical models are considered appropriate tools to design drip fertigation systems. Among many numerical models, the HYDRUS-2D/3D is considered the most widely used to simulate water and solute transport in soil under different irrigation methods and practices [21, 22] . Many researchers have shown that the HYDRUS-2D/3D model is a suitable software to simulate water flow and fertilizer transport under different irrigation systems and fertigation strategies (e.g., [2, 6, 12, 14, 16, 18, 23, 25] ). Water and fertilizer transport were simulated using HYDRUS-2D/3D under subsurface trickle irrigation systems considering different fertigation strategies in bare soil. They revealed that the application of nitrate at the beginning of the irrigation cycle might reduce the risk of nitrate leaching in highly permeable coarse-textured soil. They also found that the simulation of nitrate movement using HYDRUS-2D/3D was close to the measured value from the field [6] . HYDRUS-2D/3D was used to evaluate nitrate leaching for grape, tomato, citrus and strawberry under four different irrigation systems (surface drip emitter, surface drip tape, subsurface drip tape, and micro-sprinkler) in four different soil types (loam, sandy loam, silty clay, and anisotropic clay). They demonstrated that the total seasonal leaching was the biggest for surface drip tape irrigation system and the smallest for the subsurface drip tape irrigation system. Also, the deep percolation was the highest for coarsetextured soil and lowest for fine-textured soil [12] . HYDRUS-2D/3D was used to evaluate the nitrogen (N) uptake and leaching using urea-ammonium-nitrate fertilizers for DI and SDI systems. They found that N use efficiency was about 50 to 65% for DI and 44 to 47% for SDI [14] . Simulation was conducted using HYDRUS-2D/3D to evaluate nitrate leaching for an experimental onion field under DI considering different discharge rates. They found that the amount of nitrogen leaching out from the root zone increases as the emitter discharge increases [2] . According to the above, it seems that the effect of initial soil moisture content (θi) on nitrate distribution and its leaching under DI and SDI did not catch the researchers' attention so far. Therefore, the current work will focus on (1) the effect of irrigation systems (i.e., DI and SDI) and soil hydraulic properties on nitrate distribution and leaching out from the soil domain and (2) the effect of the θi value on nitrate distribution, leaching below the simulation domain, and taken up by plant roots.
MATERAILS AND METHODS
The simulation of nitrate distribution under DI and SDI of the tomato crop in sand, sandy loam, and loamy sand soils was conducted using the HYDRUS-2D/3D model. The effect of soil hydraulic properties and θi was also considered during simulations. The HYDRUS-2D/3D model can simulate the movement of water, solute, and heat in 2-or 3-dimensional variably saturated porous media. The HYDRUS-2D/3D model uses the Galerkin finite element method to solve the modified form of the Richards equation [17] , which includes sink term to consider water uptake by plant roots during simulating water flow. The model solves the Fickian-based advection-dispersion equation for solute transport [15] . The transport equations contain a ratio of non-linear nonequilibrium reactions between the solid and liquid phases and two first-order degradation reactions. For more details of the HYDRUS code and its application, see [22] .
The DI and SDI systems were arranged to have the same characteristics; the spacing between drip lines was 140 cm, one drip line per plant row, the spacing between emitter along drip line was set equal to 35 cm, and the emitter flow rate was 1 L h -1 . The simulation domain was rectangular with 100 cm deep and 70 cm wide. In SDI system, the emitter depth was at 10 cm and 20 cm below the soil surface (figure 1). Unstructured triangular mesh with 3421 and 3307 2D elements was used to spatially discretize the simulation domain for the DI and SDI, respectively with smaller size mesh elements at the surface and close to the emitter.
During simulations, sand, loamy sand, and sandy loam soils representing three typical agricultural soil types in Egypt were considered. The hydraulic parameters of each type of soil are shown in table 1. These parameters were taken as in [1] where the same field area was considered in the current study. ) to investigate the effect of θion the nitrate distribution, nitrate leaching out from soil domain, and nitrate taken up by plant roots [19] . θi was assumed uniform within the simulation domain. The values of θi used in the simulation are listed in table 2.
It's worth mentioning that the simulation domain was assumed to be free of fertilizers at the beginning of simulations. [8, 20] . The εL was set equal to one-tenth of the simulation domain depth while the εt was set equal to 0.1 εL [3, 7] .
The boundary conditions (BC) along the domain edges should be set before model execution. Figure 1 shows the imposed BC assumed during the simulation of DI and SDI systems. Due to symmetry and as the simulation domain was made large enough, the vertical sides of the simulation domain were assigned as zero flux BC. As the water table is located 1.50 m below the soil surface, the bottom boundary was considered as free drainage BC. The top boundary was set as atmospheric BC that allows for crop evapotranspiration (ETc) along the whole length of the upper boundary of simulation domain in the case of SDI while it changed to variable flux BC in the location of the emitter only in the case of DI. The ETc value was taken constant and equal to 0.75 cm day-1 [19] . Although the HYDRUS-2D/3D model required separating the ETc rate to evaporation (E) and transpiration (T), T was set equal to ETc while E was assumed to be zero during the simulation period. The simulation was conducted during the midgrowth season of tomato crop at which the surface area of land was approximately covered by tomato leaves (i.e., crop canopy). Thereby, the E is very low and can be neglected. A constant flux of 68.57 and 109.14 cm d -1 was used at the emitter location during the application of water in the case of the DI and SDI, respectively. When casing irrigation, these fluxes were converted to no flux boundary condition. As nitrate was assumed to be applied with irrigation water, third-type Cauchy BC was set at the top edge of the simulation domain.
Nitrate was added to the tomato crop during the irrigation event according to the agricultural bulletin of tomato issued by the Egyptian Ministry of Agriculture. The total amount of nitrate added through the simulation period was 200 kg ha -1 and nitrate was added twice a week. Nitrate was applied continuously with irrigation water where the irrigation period lasted 7.35 hr. Although nitrate was applied twice per week, irrigation was assumed to be applied every alternate day.
Due to the HYDRUS-2D/3D model does not consider root growth and due to the lack of information about the root distribution under the entire growing season of the tomato crop, only the mid-growth stage was considered during simulation. The total simulation period was 40 days (mid-growth stage). The Vrugt's model was used to prescribe root parameters [24] . The following parameters of Vrugt's model were used as input for the HYDRUS-2D/3D model: Zm= 100 cm, Xm= 70 cm, z* = 25 cm, x* = 0, Pz = 1, and Px = 1 . The effect of water stress reduction was considered using Feddes et al.'s model with the following parameters: Po = -1 cm, Popt = -2cm, P2H = -800 cm, P2L= -1500 cm, P3 = -8000, r2H= 0.10 cm d -1 , and r2L = 0.10 cm d -1 [11] . Table 3 shows the different scenarios used in the current study. 
RESULTS AND DISCUSSION

Nitrate distribution
In all simulation scenarios, nitrate concentration patterns have the same trend. During each fertigation event, nitrate starts to concentrate near the emitter at the beginning of fertigation event and reaches to its highest concentration immediately at the end of fertigation event due to nitrate injection. After casing the fertigation event, nitrate concentration decreased due to the redistribution processes and nitrate root uptake. This decline is continued during the period of irrigation events without fertigation due to nitrate movement with irrigation water and root nitrate uptake. As mentioned before, irrigation was applied every alternate day while nitrate fertigation was twice per week. Figure 2 visualizes the progress in nitrate distribution within the simulation domain for sand soil under DI system for various days during the simulation period. The figure shows that at the beginning of the simulation, nitrate starts to concentrate near the emitter and this action was continued with increasing in nitrate concentrations till t = 0.31 days (i.e., the end of the first fertigation event). After that, total nitrate concentration decreased within the simulation domain. This decline was also continued during and after the second irrigation event (from t = 2 to 4 days) as no fertilizer was applied during the second irrigation event. Nitrate concentration starts again to increase during the second fertigation event (i.e., third irrigation event; from t = 4 to 4.31 days). The same trend (successive decrease and increase) occurred during the remaining simulation period. Figure 3 shows the spatial distribution of nitrate through the simulation domain at the end of the first fertigation event and at the end of the simulation period for scenarios 1, 7, and 13. It was shown that soil type (i.e., soil hydraulic properties) had a significant impact on nitrate distribution in the simulation domain. Nitrate moved down to depths 100, 87, and 84 cm below the soil surface in sand, loamy sand, and sandy loam, respectively. The figure shows that nitrate moved deepest in sandy soil than in loamy sand and sandy loam soils. This might be due to the low holding capacity of the coarse-textured soil. Nitrate moved laterally to the distance of 50, 62, and 65 cm at the soil surface in sand, loamy sand, and sandy loam, respectively. The large lateral extension in sandy loam soil was due to the limited infiltration capacity in sandy loam as compared to loamy sand and sandy soils. The same trend happened in the case of SDI with shallow and deep emitter depths. Figure 4 shows the spatial distribution of nitrate in loamy sand soil at the end of the first fertigation event and at the end of the simulation period for scenario 7, 9, and 11.The figure shows that the distribution of nitrate depends mainly on the irrigation system. Nitrate moved downward into loamy sand soil to a depth of 87, 77, and 91 cm in the case of DI and SDI with 10 and 20 cm emitter depths respectively. As expected, the downward movement of nitrate increased as the emitter depth increased in the case of SDI. The lowest vertical component of nitrate distribution bulb occurred in SDI with 10 cm emitter depth as compared to DI and SDI with an emitter depth of 20 cm. This can be attributed to that nitrate was applied effectively in the zone of maximum root density during SDI with shallow emitter depth. Thus, the potential of groundwater contamination risk with the leached nitrate is higher in the case of SDI with deeper emitter and DI as compared to the SDI with a shallower emitter. The same results were obtained for the other soil types (results not shown). Figure 5 displays the nitrate distribution within the simulation domain at the end of the simulation period for scenarios 1-18. The figure shows that θi had a significant effect on the vertical component of nitrate distribution bulb. It increased as initial soil moisture content increased. This increase may be due to the less pore space available which hold applied water and nitrate in soil with higher θi. For both DI and SDI with shallow and deep emitter depths in sandy soil, the vertical component of nitrate distribution bulb reached to the lower edge of the simulation domain. However, in loamy sand with DI, the vertical component of nitrate distribution bulb was 87 cm and 90 cm at θi = 0.169 and 0.199 m 3 m -3 respectively. In SDI with shallow emitter depth, It was 77 cm and 80 cm at θi = 0.169 and 0.199 m 3 m -3 respectively, while it was 87 and 91 cm in the case of SDI with deep emitter depth. In sandy loam soil with DI, nitrate moved down to a depth of 84 cm and 88 Table 4 shows the percentages of nitrate leached below the bottom edge of the simulation domain as a fraction of the total nitrate added to the soil domain. The result reveals that the amount of nitrate leached from the soil domain was the highest for sandy soil and lowest for sandy loam soil. This is because of the low water holding capacity of sand as compared to loamy sand and sandy loam soil. In addition, the gravity force governs the rapid downward movement of water with nitrate in the sandy soil. The limited infiltration capacity of fine-textured soil particles (sandy loam soil) increases the soil retention of water and nitrate making the fine-textured soil less susceptible to leaching losses. The capillary force dominates the flow in fine-textured soil. Also, the results show that the SDI with shallow emitter depth had the lowest leaching percentage as compared to DI and SDI system with deep emitter depth. This can be attributed to that the nitrate was applied in the zone of maximum root density as the emitter was located close to this zone. Thereby nitrate could effectively be taken up by plant roots. Initial soil moisture content had Table 5 shows the percentages of nitrate uptake by plant roots as a fraction of the total nitrate added from the soil domain (nitrate use efficiency). The result reveals that the amount of nitrate taken up by plant root was the highest for sandy and loamy sand soils in the case of SDI with shallow emitter depth as compared to DI and SDI with deep emitter depth. This was attributed to that the nitrate was applied in the zone of maximum root density as the emitter was located close to this zone. Thereby, nitrate could effectively be taken up by plant roots. On the other hand, the amount of nitrate taken up by plant root was the highest for sandy loam in the case of SDI as compared to DI regardless the location of the emitter. The result also shows that there was a decrease in the amount of nitrate taken up by plant roots with the increase in the initial soil moisture content. This can be attributed to that the soil was prone to reach its field capacity faster in the case of high θi as compared to low θi. Consequently, in the case of high θi, some of the nitrate associated with irrigation water rapidly percolate to the deeper soil layer without exploited by plant roots
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CONCLUSION
The present study investigated the effect of soil hydraulic properties and initial soil moisture content on nitrate distribution within the simulation domain, the amount of nitrate that can percolate to the groundwater, and nitrate taken up by plant roots for DI and SDI systems with emitter at depths 10 cm and 20 cm for tomato plants. Simulation results showed that nitrate leaching is significantly affected by the soil type. Sandy soils were more susceptible to the risk of nitrate leaching as compared to loamy sand and sandy loam soils. In addition, nitrate leaching below the simulation domain was affected by the location of emitters. The SDI with shallow emitter depth (near the root zone)has a lower amount of nitrate leached as compared to other drip irrigation systems where water and nitrate are effectively injected to the zone of maximum root density. Consequently, the SDI with shallow emitter depth is recommended as compared to SDI with deep emitter depth to reduce the potential groundwater contamination risk especially in sandy soil and plants with shallow roots. Results also showed higher θi leads to augment in the percentage of nitrate leaching out from the simulation domain. Therefore, measuring and monitoring of θi are desired for better irrigation and fertigation management. Also, for a good estimation of the potential risk of groundwater contamination.
At the end, we believe that the results of the current study will enhance the awareness of Egyptian farmers toward drip fertigation systems and how to increase nitrate use efficiency.
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